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HENISPHERIC SEARCH DETECTOR
Progress Report No, 10
December 9, 1949

Introduction

The major effort during the remeinder of the period of
this study contract is beirng devoted to the construoction of a proto-
type of the hemispheric search detector. Some of the detsils relat-
ing to the prototype are described in the stteched repcrt (Enclosure 1)
of a meeting in Washington on September 21, 1949.

An outline of the activities tc be carried out during the
resainder of the duration of this oontract is as follows:

1. Electronic Design and Construction
A. Preamplifiers
B. Compressing amplifiers
C. Synchronous rectifiers
D. Detactor power supply
E, Pcwer suppiy for the electronic systenm
F. Specisl amplifiers to drive the multichanuel recorders
G. Mechanical comutators
II. Mechanical Design
A, The chopper for the PbSe systes
B. Capsules for the thersistor detectior
C. Basic casting |
D. Spherical xirrors
E. 81ip rings
F. Rotation drive
G. Contactor to indicate asimuth

H. Windows CCNPIDENTIAL
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111. Procurement
A. Thermistor deleators
Be PbFe detzctors
C. Wincdome
D. MNotors
E. uirrore
¥. Selsyne
. Multichernel recorder
IV, Theoretical Sludlse

A. A correlaticn and sysioaization of the sensitivity of
photocondustive cells

B, Study cf ithe - .lce equivalent prower chtained with verious
geoxetirical ~-iccior uirip configurations and with the
geonetry ci lte chopper,

V. Neclisnical Shop Tonstiruction

A. Iters uvider 11

1. Electrconic Design and Construction

It hes become increasingly apparent that the major problem
invclved in the design and construction of the hemispheric search
detector lies in tre electropic field, Work has been carried on
since the middle of Zeptember on the electronic design. A report
on this activity, by lir. Lincoln Baxter is sttached (Enclosure 2).

It will be noted in his report thet substantially all of the atten-
tion 80 fer has been given to the preemplifiers and to the high gain,
low noire level, low frequency ccmpreceing cmplifier (items A and B).
It wil) oleo be roied in his report that it hss been necessary to
construct e certein amount of additlonal equipment in order to test
the ampliliers which have been conctructed because oscillators,
nelers, etc, arc not readily available which are well ajapted for
operation in the frecuency renge 1/2 to 3 cps. It is believed that

the preamplifiers end ccnpressing smplifier fur the PbSe chamnel
will be similar in design. -

CCMFIDENTIAL
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Information has been supplied by Mr. J. R, Flegal of Bell
Telephone Laboratorles about the verious copper oxide varistor anits
mamufactured by Western Electric. One of these units hss been ten-
tatively selected for use in obtaining the desired compreesion
chsracteristic of the compreesing amplifier (see Encloeure 9).

The major difficulties so far in the way of obtsining a
low noise level ampiifier to operaie at approximately cne cps have
been microphonics and flicker effect in the amplifier tubes. One
vay of elimipating the fQickcr effect is to modulate the signal up
to s high frequency where the flicker effect is much less prominent.
In order to explore theee possibilities, visiis were made to RCA
Laboratories and Bell Tclephone Latoratories on December 1 and 2.
Sumnaries of the matters discussed st these meetingss are attached
as Enclosures 3 and 4.

11. Mechenicsl Design

Since the middle of Octoler, e considerable amount of design
work has been done cn the mechsnical sspects of the hemispherie
search detector. The design work done so far has been concerned
with items A, C, D, E, and F. As a result of the work done on the
mechanical design, a number of decisions have been msde as follows:

1, A seperste detector of the position of the sun will
probably be used, A smell lens end a p‘otocell associated with a
simple amplifier should suffice, This sun detector will be used to
cloce shutters cver the entrance pupils of the optical eystems when-
ever the sun spproaches a position vhere its imege could fall on the
detectors. The sun shutter elements will be semicirculer in shape
and the complete shutter will cconeist of two of these elements., The
shutter w11l operate inside of the eealed opticsl system in the carce
of the PbSe system and will operate outeside of the sealed optical
system in the case of the thermistor system,

2. The slip rings will be placed where they will be easily
acceesidble,

3. Preliminary shields will be placed about the smplifier
heusing ond the verious mctors will be shielded megnetically.

CCNFITEITIAL




4= CONF1DERTIAL

4. It was deoided to use a reflecting spherical mirror
large encugh only for the four chsnnels to be construsted. Sinmilsrly,
the ocylindrioal mirror on the PbSe system will bhe large enough only
for the four channels.

5, The asimuth anple will be indicated on the recorder by
contactors placed to provide aégulae every 90° of rotation with a
somewhat longer pulse at the 3600 position. Selsyns will be used
only as indication of the elevation angle end this indic-tion will
be dispensed with if it intrcduces Jifficulty.

6. The obscuration of the entrance pupil of the optical
system by the rotating chopper in the PbSe system has been found to
be greater than previously expected because of the oblique passage
of the light which reaches the edge of the detecting elements. For
thie reason it was decided that the use of a double strip system in
the Pbfe channel was out of the question and that a single strip must
be used, Even with a single strip, the obscuration by the chopper
wheel amounts to about 30 percent. Consideration is being given
to the use of a slightly greeter numerical aperture to offset par-
tially this loss of light.

7. A dull bleck paint will be &pplied to all non-reflect-
. irp surfaces inside of thec optical system.

Attention is called to the situation desoribed in Enclosure 5
that the capsules for the thermistor deteotor must be designed and
construoted by Polaroid Corporertion,

II1. Procurement

Considerable diffioulty has been experienced so fer in con-
nection with the effort to procure the thermistor deteotors for the
channel employing these detectors. A meeting was held at BTL on
September 30, 1949 (see Enclosure 5) at which it was determined that
the construotion of the desired thermistor detector seemed reasonably
straightforvard. Two methods were discussed by which the detectors
might be procured: (1) A task order on the exieting contract (NObs-2440)
between the Bureau of Ships and Restern Flectric. (2) Regotiation
of a contraot between Western Eleotric and Polarcid. 1In a letter
from the Bureau of Ships dated October 10, 19/9, it was stated thst
the first method was out of the question becsuse of limitation of
funds availeble under Contraot RObs-=2440.

Acocordingly, a meeting was held with officials of the
Western Fleotric Company in New York on October 14 (Encloesure 6).
During ti:is meeting a statement of the acope of the work desired wss
worked out by those present at the conference and by discussicn with
#r. Anderson bty telephone, It was suggested by the Vestern Electrio

CONF1DFNTIAL
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representatives thnt the work desired be rlaced in a purchase order
or Testern Flectric by Polaroid Corporation. An unofficial purchase
order accordingly was rutmitted to testern Electric on Koveuber 1
and a copy of this purchase order was submitted to the Bureau of
Shiyzs for approvel. Thie epproval hes not yet been obtained.

Cn Rovember 28, however, a telephone call waa received from
Mr. Selover of Western Electric in which Mr, Selover stated that
it had been decided by consultation between Western Electric and
the Bureau of Ships that the procurement of the theraistor detectors
could be handled on an unclessified basis. Mr. Selover further

. 3tated tnet a consequence of this decision waa that the datectors

must be procured through the Graybar Electric Compeny, which com-
pany maintains offices in Boston. This information was later con-
firmed in a letter from Mr. E. N. Poole of Festerm Electric,

Tith regard to the rrocurement of the lead selenide detectors,
visitc vere mnde to the Armour Reesearch Foundation and to Dr. Cashman
at Northmeztern University on October 5. The discussions carried
out at these meetings arr summarized in Enclosures 7 and 8.

DPr. Crshmau decidad th~i the detcctors wure feasible to
wrke and he epreed to etart work on about Ncvember 1, provided that he
receive auch insiructione from the Bureau of Ships., [Dr. Cashman waa
requested te produce thece detectors on Contract NOba~45068 in a
letter dated October 13 from the Buresu of Ships to Dr. Cashman.

Considerable attention Las been given to the problem of the
cylindrical window for the FbSe channel. Silver chloride would un-
doubtedly te satisfactory for this purpose, but simpler and perhaps
move rlcid and less expensive windows are under study. Some interest-
ing high lead ccnient glasses have been produced by the Buresu of
Standards under the direction of lir. C. H. Hahner, scme of which
have reasonably high transmission in 2 mm thicknesses out almost to
5 microns.

Correspondence has been carried out with Mr, Harald G. Vogt
of the Corning Glass Rorks. It appears thet Corning mukes no glasses
which transmit well out to 4 microns. According to informationm supplied
by Nr. Vogt, it appears that fused quarts would provide a satisfectory
window for the FbSe detectors. Accordirgly, inquiry is now being
wade into the cost and feasibility of & suitable fused quarts window.

1V, Theoretical Studies

A proposal of s simple method of comparing the sensitivities
of verioue photoconductive cells was communicated in a letter to Dr.

CONFIDENTIAL
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Cashman on November 9, The substantive content of this letter has

been isrued in the form of s repori dated November 30 (Enclosure 10). An
~ applicstion to results can 19 different lead sulfide cells obtained

by the Naval Ordnance Loborstory is described in a report dated Decom-
ber 6 (Enclosure 11).

If the prcposal turns out to be sound, it is the writer's
opinion that the adoption of vhe reference condition proposed in
Enclosure 10 would materially expedite the evaluation of the work now
being carried out on varioue photooonductive cells.

V. Mechanical Shop Construction

Ample time and facilities will be available in the mechanical
shop for the construction of the components of the hemispheric search
detector.

List of Persomnel

Linocoln Baxter, II, Electronic Physicist
John A, DeYoung, Electronic Engineer
Murry N. Fairbank, Nechanical Engineer
R. Clark Jones, Seniocr Physicist

Sidney B. Whittier, Designer

List of Attachwents

1. WMinutes of an RC-5 Meeting in Yashington on September 21, 1949,
R. Clark Jones, September 26, 1949.

2, Progress Report on RC-5: Concerning the Work on Cireuit Develop-

ment from September 15, 1949, to December 8, 1949, Lincoln

3. Visit to RCA Laboratories on Deceaber 1, 1949, R. Clark Jones,
Decenbor 7, 1949.

4. Vieit to Bell Telephone Laboratories at Whippany on December 2,
1949, R. Clark Jones, December 8, 1949.

+»5. Kinutes of an RC-5 Meeting at Bell Telephone Laboratories on
September 30, 1943, R. Clark Jones, Cotobef 3, 1949.

6. MNinutes of a Meoting nt Western Electric Company on Ostober
1949, R. Clark Jones, October 19, 1949. i %

CORF1DENTIAL




-7- CCNFIDENTIAL

Minutea of an RC~5 Conference at Armour Research Foundation on

7.
October 5, 1949, R. Clark Jones, Cctober 12, 1949,
8. Minutes of 2. RC-5 Meeting with Dr., Cashman on October 5, 1949,
R, Clark Jones, October 13, 1949.
9, Vieit to Bell Telephcne Laberatories on September 30, 1949,
Re. Cl#rk Jenes, October 4, 1949.
10, Propomal cf g Simple Method of Desoribing and Cowparing the
Properties of Photocondvctive Cells, R, Clerk Joaes, Novem-
ber 30, 1949.
1. Anp Applicetion of the Proposed Reference Condition C, R. Clark
Jones, December 6, 1949,
rcj/cbd
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Minutec of er RC-5 %cotlug in Taellngton on fepterber 21, 1949
R. Clark Jones

Septenber 26, 1949

A meeting was held st the Ravy Dopartment in the morning
ard after:oon of September 21, 1949, attcnded by:

Herry Deuber, Turesu of Ships
John &, Kelly, Bureau of Ships
Elkan R. Blout, Poleroid Corporation
R. Clark Jones, Polrroid Corporation

Mr. Gecrge Brown, Army ERDL, atterded the sfternoon meeting.
Norning Session

The purpose of the meeting was to discuss the activity to
be carricd out in connection with the extension of Contract Kobsr-
A7 (RC-5). This report records some of the facts obtained and
decisions made.

A number of groupa are manufacturing photoconductive cells
at present, including:

Armour
Cashman
Cetron
Photo-mho
Photoawitch
RCA

Mr. Foodside recommended thet the cells for this contract be ob-
tained from Dr. Cashman if possible. (The writer now has an engage-
ment to visit Dr. Cashmen in Chicago on the afternoon of October 5.)

it wae reported that the Buresu of Standerds i1s now setting
up photoconductive cell test fucilities. The writer emphasised,
howsver, the need of eetting up test facilities at Polercid to test
the cells that are oontemplated for use. This is desiradble because
it is much simpler to test a photoconductive cell for a specific use
than it is to obtain complete information on the cell. Our test
facilities would permit the determination of the, say, signal-to-
nolse ratio of the detector for a given power input when the tem-

CONFIDENTIAL

-/e



-, am e s a ®PNf am e PART M~

-2- CONFIDENTIAL

persture of tle souroe is, say, 100°, 1506, 200?, and 300° C, when
the redietion is chopped at 200, 4CC, ard 8CO0 cps, and when the
cignel ie ¢ trelfth-second pulse.

The systcns to be coreoiructed shell contain four elevation
chonnelc and, subject to a leter contrary decision, both the warm
and het systems will be conztructed. The outputs of the four channels
sbell te recorded on a rultichannel recorder. This recorder should
record aloo tho elevation angle and the asinuth by wesns of selsyns.
There will thus be no cathcde ray presentetion and no switching
tubes involved., The mochanicel st.ucture shall be capable of con-
tinuous rotaticn about & vertical axis and manual adjustment of the
elevation angle. The construction should be sturdy and such that
the unit may be tested outdoorsg, but the unit will prcbably never
be mounted on a ship ard it will not be necessary for the unit to
pass shock tests.

Tho electronlic system will not distinguish between hot and
cold tergzets.

The system should be designed holding in mind the ultimate
weight and epace restrictions involved in the contemplated stbmarine
application, unless this requirement involves a sacrifice in the
eignal-to~poise ratio. In particuler, however, thermocouple or
bolometer transformers will not be used becsuse their weight is
clesrly out of the guestion in the final application.

Mr. Lewis Nelson of the Bureau of Ships will send us inform-
ation on the gless which is suitable for the large window cn the
photoconductive system,

It wes not decided whether the equipment would be ocnstructed
to operate on €0 cycle or 400 cycle power. Mr. Kelly will look
into the avsilability of ACC cycle power at Fishers Island.

It was recommended that the writer return to the Bureau of
Shipe those reports which he is now not using actively.

Afternoon Secsion

In the afternoon session, attended also by Kr. Prown, the
Army requirements for & hemispheric search detector were discussed.
The tentative Army requirements were guite similar to those on the
device now being designed. The general sige of the apperatus and
the 15 second perlod of rotation were acceptable. The priwmary
differences were that a somewhat lar;or plcture elemsnt would be
acceptable (a picture element 10° square was suggested), and that
the weight recuirement was virtuelly non-existent. The device must
be trnnaportable on a truck,

CONFIDENTIAL
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Progress Report on RC-5

Conoerning the ¥ork oa Circuit Developwent
from September 15, 1949, to Decemwber 8, 1949

Lincoln Baxter, I1I
December 8, 1949

A 1ittle less than one week was spent reading the reporte-
of the study oomtrect.

It was Gecided to sttempt to ocnstruot the circuit for the
heat detector first., If the system employing a switching tube at
the output is used, an amplifier bhaving s pasa-bend from 0.5 to
3 cycles per second and & gain of adbout 10 million times or 130 4t
is required. The noise level desired is about 1 meg Johnson noise
equivalent to about 1/10 microvolt,

In order to test this saplifier, an oscillator covering the
range of 0.5 to 3 cps was required. An ettempt was made to modify
a resistance capacity audio oscillator to operate at these fre-
quencies but this circuit was abendoned bacsuse the stability and
wavefora were very poor at the low frequency, probably because of
the short time oonstent of the bellast lamp filement s ccmpared
with the frequencies it was desired to produoe,

A relaxation oscillator ueing a YR105 followed by four
stages of filtering and some amplificetion was then designed and
ccnstructed. Some experimental considerstion wee given to the use
of 884 or 2050 thyratron tubes but the VR105 wms more stable. It
was found possible with the system using the VR105, by genged
switching of oscilletor and filter resjstors, to build an oscil-
lator with a frequency variable in cight steps from 0.3 to 5 cps,
with the output voltage varieble from 0 to 16 vilte and independent
of Irequency. The waveform as viewed on the 208B ocsciliosccpe was
very close to sine wive, ¥hen it was decided later toc uze s push-
pull design for the amplifier, a phase inverting systex was added
to this cscillator, since it was found thet the center tap of the
push-pull signal and the oscillator chassis hed to be grounded to
avoid picked up noise and hum,

Ssverel modifications of a single ended arplifier were de-
signed and oconstructed using 4 stagus of amplification with 4 pen-

@

sk MENT

todes, the first stage triode comnmected. First 6AG5 then 6AK5's were

used, Great difficulties in obtaining isoclation of stages from
power supply and each other were encountersd snd degenerstion in

CCNFIDFRTIAL
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oathodes and screens (bypassing at these low frequencies requires
condensers of prohibative liug made it toc difficult to obtain

the requ:red gain. The leakage current of oondersers mede it
difficult to design any varistor circuits to obtain the desired

gein oompression of the swplifier, The best single ended amplifier
constructed had a gein of about one million times or 120 db snd a
noise level of sbout one eicrovolt, equivelent to 100 megs Johnson
noise. This amplifier had to be opersted from seversl batteries and
used regeneration to neutrslise the reduced gain due to cathode
degenerstion., This regeneration made it even more diffiocuit to
adapt compression circuits ol the types conaidered to the amplifier.

A study was made of data on Western Electric oxidised copper,
ocopper alloy, Germsnium, and silicon ocarbide varistore. The Chile
copper thallium alloy varistors in the 1/16" diameter sise seem
sost suitable. A nmumber of graphical studies were made of the com-
compression chsrecteristios of various combinations of these alloy
varistors of the 3/16" and 1/16" gises in resiestance networks and
amplifior oircuits. It was tentatively decided to work on the
basis of 4 units with a gain of 100 between each.

It was decided thst a push-pull emplifier systeam offered
sany advantages whioh would probably more than compensate for the
incressed number of components of the amplifier. A push-pull ampli-
fier was designed and oconstiructed using 6AUG tubee for the last
three stages and a 124X7 for the first stage. The 12AX7 was found
to be excessively noisy and wis abandoned. The remaining three
strges were found to have about the same equivalent input noise in
the 1/2 tc 3 ops bandwidth as the single ended system, but the power
supply, gain, and adeptability to varistor design problems are greatly
simplified in the push-pull system.

Miocrophonics were found to be very serious even when the
chessis was mounted on sponge rubber; to it was decided to
it from the ceiling on & enring having a period of vibration of about
one second, It was found that the microphonics extended all the way
down to the lowest frequency the amplifier would pars and that for
auy motion fsster than about 1/2 cycle the oscilloscope trace would
reproduce the motion of the chassis. It seemed extremely unlikely
thet tube elements wouid vibreate at this rete; so pick-up from ex-
ternal fields was suspected., The first of the three stages in use
was electrostatically shielded without producing any noticesble
change. Then it was discovered that the first tubes would pick up
the rotion of steel pliers brought near them but not a brass rod; so
magnetic {ields were suspscted. Magnetic shielding was found to pre-
vent almost completely the low frequency motion sensitivicy. Reduc-

ing the B potential on the first of the three stages to about 100

volts reduced the higher frequency microphonics tc the point where
the azplifier mcunted on sponge rubber was useful for messuring noise
in a preswrnlifier stage which was wounted on another chassis. 6AUG's,

CCRFIDENTIAL
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6SBE7's, and 6AC7's were tested in push~pull arresngewents., With
larger currents snd potentials the 6AU6 end 6SH7 were less noisy
than the 6AC7 but decrnasing the plate voltage and current of the
6AC7 improved its signal-to-noise very much mcre thap it did for the
other types, so that at stout 25 volis on the plate, 45 volte B,

the 6AC7 was about one~half as noisy as the otker tvpes., The equi-
velent input ncise of scme arrangements with the 6AC7 was estimated
to be approximately 0.5 microvolts or less in the 1/2 ops to 3 ops
band. This is equivalent to the Johneon noise of about 25 megolms

or lsss.

It was decided that a mcre acourste method of estimating
the noise was required, since an estimate by eye of the average peak-
to-peak values on the oscilloscope might be considersbly in error.
Nethods using diode rectifiers at the output of ejther the amplifier
or at the plates of the cscilloscope were found to give too low an
impedance and altered the oscilloscope indications noticeably. A
push-pull infinite impedsnce detector using a 6SL7 was constructed
and connected across the vertical deflection terminsle of the cathode
ray tube. The output of this detector was averaged by an RC network
with a 20 second time constant and this average velue meacured on an
RCA volt-ohmist Jr. which wea modified to give a 3 volt infinite
impedance scale, The meter was adjusted to give a full scale reading
on 0.8 volt rms sine wave at input of the oscilloscope and was found
to be linear for sine wave amplitudes greater thsn about 0,08 volt rms.

By using 2VR105 tubes to regulate the output of a commercial
regulated power supply at 210 volts for the last two stages and a
ocsthode follower to further regulata this at 105 volts for the first
stage, it was found possible to operate the three stage push-pull
amplifier frcm the a.c. power without increasing the noise. This was
desirable az the battery supply previously used showed signs of get-
ting weak.

Several tubes which have been suggested by various sources
as being low noise or low mlorophonics have been ordared and obtained.
They sre Mestern rlectric 348A and 403B, Victoreen 5800, RCA 5693,
and 6AT6. It is planned to begin teasts on these as soon as experi-
ments are completed now being mads to see if it is possible to reduce
flicker noise by feedback designed to hold the cathode currsat con-
stant, aa suggested by Mr. A, W, Vance cf R.C.A.

1b/ebb
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Visit to RCA lLatcrstories on December 1, 1949
R. Clark Jones

December 7, 1949

A conference wae held at RCA Laboretories on December 1
attended by

A, R, Vance, RCA
Lincoln Baxter, Foleroid
R. Clark Jones, Poleroid.

Ths purpose of the viecit wa~ t> obtain irformation on techniques
ueable to obtain amplifiern with very low noise level and frequercles
of about one cps,

Mr. Vance reported that in cconection with the Typhoon
Project a d.c. amplifler employing = cormutator had bffn constructed
whose noise level in a bandwidth of 0,025 cps was 107+ to 107'< ampere,
with an input impesdance of one megohm this corresponds to a noise
level of from 1 to 10 i volts. This noise is rcughly constant current
independent of the impedance level. That is to say, it acts as though
it were produced by a current gencrator, MNr. Vence suggested that
the source of the noise was & vsriable Volta effect due to impurities
on the surfsces of the commutetor. Amcng the considerstions important
in desifning a low level, high imnedance commutator sre the use of a
spccial solder whose Volta potential reletive to copper is smell and
the avcidance of insulating surfaces axposed to0 the moving parisa.

Leods and Northrup mamufactures a single pole double contact
breaker dosigned for operstion at 60 cpe. The resonance, however, is
broad, This unit employs a polariged drive, RCA manufactures for
its own use in connection with the Typhoon Project a single pole
double throw breaker operating at 386 cps. The resonsnce in this
unit is also broad end it employs a non-polarised drive. Thet 18 to
say, it is driven with an alternating current whose freguency ie
193 ops. At impedance levels of about cne megohm Mr. Vance felt that

the RCA unit was perhaps somewhat superior to the Leeds and Northrup
unit,

Mr. Vence rerorted that Leeds and Northrup in Philadelphia
is carrying on work on commutstors for high impedance circuits, and
suggested thet ve get in touch with Albert J. Williams, Leeds and
Northrup Company, 4901 ftenton Avenue,
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Mr. V-nce suggested an ingeniocus scheme for increasing the
voltage level right at the ccummutator so that a higher voltage level
would be available for driving the smplifier, He suggested thet the
signel voltage be connectcd through the commutator to an inductor.
Then when the circuit is broken, the inductsnce will give a high
voltage peak whose amplitude is proportional to the signal voltage.
If one uses gating to eliminete the nolse during ali periods exceot
those during which the contact is opening, a relatively low moise level
should result. Mr. Vence also sugrested a simple way of obtaining
this gating: Introduce a fixed d.c. voltage in series with the
signal voltage; then the noise between the inductor pulses may be
removed simply Ly clipping off the noise peaks.

All of the commmutator methods discussed so far heve the
effect of transloting the low frequency signal ac modulrtion of a
high frequency signal., The high frequcncies are much more eesily
amplified because of the absence of the flicker effect which is 8o
bothersome at low frequencies. Mr. Vonce made another ingenious
suggostion that may permit the eliminotion of the flicker effect.
The flicker effect is believed to consist cf spontanecus fluctuations
in the emission of the cathode, MNr, Vance suggested the uec of &
feedback circuit tc bold constant the total cathode current of the
tube end to obtain gain by virtue of the fact that the comtrol prid
would then vary the ratio of the currenis received by the screen and
plate, Presumsctly this procedure will lead to a relatively hipgh lecvel
of shot noise, btut sizce shot noise has e flat spectrum this effeot
will not be of deep concern at the very low frequencies. Nore speci-
fically, Mr. Vance suggested the use of a pentagrid ccnverter, with
grid No. 1 used to maintain the total cathcde current constrnt and
grid Fo. 3 used to irtrcduce the sipnal to be smplified.

Mr. Vance further sugrestcd the use of 'a deflecticn tube
whose totel ocathode current cculd be teld constant by feedback
methods, In this connection he sugpested that we write to Mr. E. W.
Herold with respect to the possible use of such tubes, Mr, Vance
further suggested that Raytheor i8 now mrking & mumber of special
tubes for the International Business lMachine Company. These tubes
heve rwany gride and sharp cutoffes and might be ugeful for our problem.

Nr. Vance suggested the use cf a sonerhat excesgive heater
voltage (7 volte Ilnstead of 6.3, for exeample) in order to obtain a
somewhat grester emission,

Mr, Vance referred us to an article on the coatritution of

ahot)effect to thc noige ir ordinery vecuum tubes (RCA Review, April,
1941) .

Part of the dey was spent in eznﬁining the Typhocn Project
computor and & bdrief unsuccessful experiment was made in the effort
to lomer the nclge level in the Typhocn d.c. amplifiers,

rcj/cdb
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visit to Bell Telephone Laboratories at Whippany on December 2, 1949
R. Clark Jones

December 8, 1949

On the day sfter the conference at RCA Labor-tories with
Mr, A. V, Vance a discussion wee held at the Whippany installation
of Fell Telephone Laboratories attended by:

W. E, Ingerson, BTL
H. G. Oc¢h, BTL
Linooln Baxter, Polaroid
R. Clasrk Jones, Polaroid.

The purpose of the visit was to obtain information on techniques
usable to obtain amplifiers with a very low noise level and at fre-
quencies of about one ocps. Mr, Och explained at the begimning of
the discussion that the Laboratories group which he representsd had
not been concerned with commutators working st very low levels,

snd suggested thst we ought to ser Mr. Vance st RCA,

We were shown different mechanieal commutators. The first
one wes manufactured by Csven and was labeled the "2937 network,"
serial No. D3'444. This commutator consister -© two decks, each rith
2, contecte, 1f the alternate contscte in each are grounded, the
tvo deckes together are capabtle of hendling the ipnput and output com-
wutation for 12 chennele simultanecusly, (Thus for 18 channels,
two decks esch with 36 contactes would be required.) The noise level
obtained wiih this coomutator was 1C to 20 svolts in a bendwidih of
swbout cre ¢;:8 at ¢ rotaticnal speed of 5 rps. It was ewphasized,
however, th~t no eerious effort l:ad becn mede to reduce the noise
level.

For low level work Mr. Och reccrmended the Daven unit modified
by the ure of wider contacts for the input circuit than for the out-
put circuit snd by individual ehields placed sbout the two sections.

The sesond commutator shown tc us was a unit memufactured
by BTL with a primary requirement in mind of long life rether than
low noise level, This ccmmutator waes the equivalent cf a two deck
syster aith 12 contacts on eerch deck.

A discuseion was 'eld with regerd to thc importance of
greunding every other contact rsther then just one contact in each
deck. The BTL group believed that tre use of alternate grounds
greatly improved the stability cf the cther channels when ono channel
was overloaded.

)
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In & subsequent discuselon with Mr, H. C. Rorden,
BTL (a former associate of the writer), Mr. Rorden described a low
noise level amplifier which he had recently constructed, This an-~
plifier employed four 34BA tubes in psrallel at the input in order
to minimize the noise level of the input tubes. Mr. Rorden suggested,
however, that the 1620 tube is almost es good as the 348A for this
purpose, He suggested that we write Mr. H., C. Montgomery with re-
gard to the possibility of obtaining a schematic circuit of the am~
plifier and & curve of the noise level versus frequency. Mr, Rorden
8lso mentioned a reference tc an article by Bogel on low frequency
low level arplifiers, Mr, Torden will send the writer the deteiled
reference,

Ve were shcwn the analogue computor which BTL is construot-
ing for its own ure., This ccmputor employs the commutated d.c. am-
plifier involved in the discuseionm,

rcj/cbb
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Minutes of an FC-5 Meeting at Eell Telcpiore L:tiratc - es
or. Tept-ctex 30, 1945

R. Clark Jones

Octoter 3, 194¢

A meetl. ¢ was held at the Murray Hill Latoratory of Bell
Telephlone Latoratcries during the merning of eptemter 3, 1949, to

discuse the feacibility of obtaining therwistor cetectcr: suitable fcr
use on the RC-5 device. Precent were:

A. E. Andereon, BTL

J. A. Becker, BTL

J. J. Kleimeck, BTL

R. Clarx Jones, Poleroid

At the brginning cf the meeting the writer desc:ibed in out-
line fcrn the pr:oposed eprlicution of the ihermistor detector. At
the ccrnclusion >f this description Ir. Becker emphasizec that BTL
would perform a: a supplier of uritls with performence specified by
Yolarcid, and tr2t BTL vrould in nc wey share responsibility for the
overall perform2nce imn the proposed upplication.

The perf{ormznce desired by Poleroid is as follows:

Sensitive area: 5.3 mn x 16 mn
Time constant:0,08 second
Number of units reeded: 8, plus a few spnics

There was consideratle dicscussion cf the means ~het right be
ezployed to obtain the desired time constant. The simplest way to
cttain the deeired time constant would te to cuppcrt the thermistor
elcments only at the contacts and thus tc lel ikre rensizive element
be air-backed. An a&ir-backed unit, rowever, hes a pronc.nced micro-
phonic response due to the "swish" effect. 1f tle air v:re removed,
the time constant would te too lung, and if tlie flake wce backed
wich a solid, such as quariz or glass, the time constant would be
far too short. It wes decided that a low precsurz of he’ium was the
best answer to the problem., There was some uncerteinty 3s to whether
st a unit wouid be wicrophonic because of the mechanic:l vibration
of the sensitive element,

CCNFIDENTIAL
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The proposed method of construction rhicn was evolved during
the discu:eion is e¢8 follows: From 4 to & flekes, eech 7 mm long,
would be bridged over a gap between tmo inevlating supp -ts, which
gap is 5.3 mm wide. Depending oa the wicdth of the stri-s, from 4 to 8
stripes would te used to cover a gap length of 16 mm,

The following cummary ¢f the technical situation. wars agreed
to by all those present. It seems feasible for BTL to rake by present
techniques a helium=backed unit of the desired time cornctant and
arca, which, however, may be too microphonic for the fi:al epplication.
Removal of the wlcrophonic response seemes probable, tut does require
development.

One of ways discusscd, by which the microphonic response
right te removed, was tc usc a solid tacking of & high rorous material
such as, for example, very porous sintered glass. Or, th¢ thermistor
flake might be supported at one or two points ac—css th~ gap.

The method of electrical interconneoclion of the separate strips
making up the detector and the choice of thermistor mat riel was left
for later decieion, Two thermistor materiels arn avail: ble: The No. 1
meterial in a thickness of 10 micrcns hae a resistance £ 3 megohms
per aquare and the No., 2 material 0.3 megohms pe-~ squar: at room
temperature, Dr. Becker emphasised that one :tust consi 'ar seriously
the protlem of cooling of the capsule in which the elem:nt ia mounted.

1f BTL ¢hould go akeed with this develcpmnent, i:. would expect
Pclarcid to design and supply the capsules in which the cthermistor
flekes would be mounted. 1In this connection it was agr:2d that a
9 mm internal width and a 4 mm internal depth wculd be :lequate.
Provided that thLe walle of the capsule are no% tuo thic~s, these
dimensions shouid permit plecing the 5.3 x 16 mx strips side by side
vith e separation substantially equel *¢ the wi¢“h, nomaly 5.3 mm,

The matter of finpnzcing the propoaeb developmer.® by BTL was
next discussed. Yr. Anderson erphacized thab because of the pressure
of internal work, the development could nct te dorne unt'l funds were

evailehle and the contract signed. In princinle two me'n10ds of pro-
cedur-e seem opent

A. Fegotiation of a contrac’ tetwecer .ectern I ectric
Corpany and Polercid Corporation.

B. Supplying of funds through the prese i cont-act
with the Rureeu cf Shipe.

CONFIDENTIAL
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kr. Anderscn tucught thet from the point cof view of tot' BTL and
polarcid, method B was preferable, becaure no: crly wouo 1 the contract.
tnvolved in met nd A te Aifficnln te necctipte. Yot it - uld undouttediy

take & long tim: and the contract rculd prebe’ly not be regotiated
in lesr than giv to nire manthe. .

Gae!

1f BTL starts work on this developmen:, its prog.am will ccn-
aiet of two rather dietinct parta, first the provision ¢f engineering
services 10 stuliy the feasibility of vericus desirne anc to design
the first detecting element. The =econd pert of the dev:lopment wculd
te the actual production of the unites to be eippiied. Ir. Becker re-
warked thet »hen the nuamber of units of a given Find exc:eds ten,
there ie a provision in the Bureau of Shipe ccntrect thet it should
i yleld to a commercial Western Flectric contract. !r. Kleimack sug-
i gest>d the fcllowving time schedule with the euphetic prcvisicn that
it represented a probable time schedule, that the schedvle could in
no way te guaranieed, and that if unexpected 2ifijcultic: in con-
struction arose the time would be su!cteniiclly Zonger: Twc months .
to construct the first suitable unii and unotnher two morths to produce
the eight units required plus a recsonable nurter of speres.

R L et

The question of probeble costs was not d’scussed.
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tinutes of a Leetinp at Vestern Electric Company
on Cctoter 14, 194S

R. Clark Jones

October 19, 1949

A mreting was held in the Vestern Lklectric Company offices
et 120 Frcedwsy during the esfternoon of Friday, October 14, 1949,
for the purpcee of arranging the deteils of a proposed contrsct be-
tween restern Ilectric Ccmpany and Pol- rcid Corporation. Preeent st
tr.is meeting were:

Lea F. lescock, Viertern Ilectric Company
E. N. Poole

I, k, Selover

7. Clerk Jones, Folrrcid Corporeticn.

The purpcse of this mceting wesz the arrangement of a con-
tract by which Polrroid would obtein from Rell Telephone Laboratories
I0 t012 thermistor bclometers ci' the¢ typ2 required for the RC-5
project,

The major part of the meeting was devoted tc a discueeion
of the project itself and a discuscion of the general type of con-
tractual arrangement. After considerable discusrion it was decided
thrt the test method would be for Polrroid to plece a purchsse order
with Western llectric for engineering services as described below.
This purchase order would carry the proviso that the cost of the
engineering services should not exceed $10,000. 1f the work at
Bell Telephone Latoratoriee should prcceed to the point where all
of the $10,000 has teen used up, then Bell Telephone Lsboratories
should cease further work uniil further arrangements have been msde
between Western Ilectric Compeny and Poleroid Corroretion.

After this decieion was made a scope of the purchase order
was cuickly written up and checked with Mr. A, F. Anderson by tele-
phone, The following scope thus has the approvel of Mr. A, E. Ander-
son and the four people st the meeting:

Scope

Purchsee from "estern Electric Company of engineering ser-
vices of the Bell Telephone Laboratories, said engineering services
to be simed at the following two orjectives: (1) the investigation
of the feaeibility of variouvs designs snd fabrication of the first
Thermigtor Bolometer, (2?) the fabrication of 10 to 12 edditional
Thermietor Bolometers.
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Technical Regquirewents:

(1)
(2)
(3)

(4)

(5)

(6)

Censjtive area 5.0 tc 5.5 mm by 1€ to 1€ mm
Time constant 0,05 to C,12 second

Under normel opcrating ¢ -nditions the noise in the 1/2 to 3 cps
band is not to exceed 1,5 x Johnscn noise.

Suitable housinge vill bte furnished by Pol-rcid Corporaticn.
(The Tell Telephone Laboratories will furnish consul ting ser-
vices on the design end fabrication of these hcusinrs.)

The Thermistor flekes will be fabriceted, mounted in the hous-
ing ard the housing cealed by the Bell Telephone leboratories.

Cther ccnriderations shall be sudbject to mutual apreement be-
tween the iestern Flectric Company, the Polrroid Corrcration,
aind the Bell Tclephone Inbtoratcries.

end of scope

After the purchese order is drawn up, it must be approved

by vestern Flectric Compeny erd by the Tureau of Shipe tefore it
hes finsl stetus end telore work can te btegun at Fell Telephone
Laboratories.

rcj/cbb
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Minutes of an RC~5 Conference at Armour Research Foundstion
on October 5, 1949

R. Clerk Jones

October 12, 1949

A wmeeting to diecuss the usze of photoconductive cells in the
RC-5 hemispheric search detector was held on the morning of Octoter 5
at the Armour Research Foundation in Chicago st 35 West 33rd Street.
(Note: This location is a $1.25 texi ride from the Loop, snd may
slso be reached by teking a south-bound Rapid Transit to the 35th
Street station and then walking back to 33rd Street on the catwalk.
The Foundation is sbout €00 feet west of the Rapid Trensit line.)
The visit consisted of three rather distinct parts: a meeting in
kr. Betz's office, a discuseion in Mr. Richerdeon's office, end a
meeting in Mr. Parkley's laboratory.

The meeting in Mr. Betz's office wss sttended by kr. H. T,
Betz, Mr. R. F. Humphreys, and Mr. E. I. Perrine. After the writer
gave a brief dessription of the RC-5 project, Mr. Petz expleined
that the group in the Phyrics Departmer.t was not producing photo-
conductive cells, but was instead interected in procuring them and
expected to ottain them from Dr. Ceshmen. Kr. Betz inquired whether
our project involved detecting the moduletion of the signal. 1 said
no, and we both egreed thet the renge would be substantielly less
for detection of the modulaticn compered with the detection of the
presence of the signsl. The writer mentioned the KOL Memorendum
9929 containing an experimenteal study of 1§ lead photoccnductive

cells. The Armour Foundation was not aware of this report and the
vriter agreed to sond them the detalled reference.

axwer unis meeving the writer hed a detalled discueaion with
Mr. Don E. Richardson with repard to some work which the latter has
done in measuring the prcoperties cf lead sulfide cells, which work
is described in the Arwour Prorrese Reports No. € and No. 13. The
writer found ¥r. Richardson's results very interesting; in varticular
he vas interested in the uniformities which kr. Richard-
son found. FEven more perticulerly ¥r. Richardson has found that
for & pumber of different types cf lead sulfide cells operating over

e wide range of temperatures, the ceclls all satisfy epproximately
the follcwing relation:

/4

’

3
k = 705 (tR)
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where k is the sensitivity of the cell in ohms per ohm per watt per
square centimeter, T is the time ccnatant of the cell in seccnds,

acd R 18 the resistance in ohms. This relation is extremely interest-
ing. Very unfortunately from my point of view, however, Kr. Richard-
son did not have svallable & corresponding atudy of the noise of

these detectors so that no conclusions mway as yet be drawn about the
way that the signsl-to-ncise ratjo in the reference condition of
measurement depends on the time constant,

After the discussion with Mr. Richardson the writer moved
over to the Chemistry lepartment to attend & mceting with Mr. J. E,
Barkley and Frank Ticulka of that depertment. Present slao were
several membors of the Fhysics Department., Mr. Prrkley explained
that Armour Rcsearch Foundation hed a contract with ERDL for the
prepuration of cooled lead sulfide cells and that the department
had also prepared a small nuzber of uncoocled lead selenide cells.
The writer inquired how a scmple of these cells could be obtained,
and was informed by Nr. Rerkley thet it would probably be impossible
to ottain even one of them except by an arranpement by which the
Armour Rcsearch Foundation would produce a few for our use., Accord-
ingly, the writer requested Mr. Barkley to send him an estimate of
the cost of a contract for the securing of two to four uncooled lead
selenide cells with a sensitive area approximately 3 mm x 3 mm. Mr.
Barkley described the best lead selenide cells rroduced by them so
far as heving a 40 db eignel-to~noise ratio when there were 45 volts
acrce® the cell and 45 volte in the load resistor; when the source
wao at a tempereture of 50C° X, was one centimeter in diameter, and
was /C centimeters from the cell; for e cell which had a senaitive
erec of 3 mm x 3 mm; when the radiation was chopped at 450 cps and
the signal-to-noise ratic was measured in s bendwidth of 9 cps. A
correspondin; figure under the same {est conditicns for a lead sulfide
cell at rccm temperature wculd be sbcut +50, and at dry ice tempera-
ture, from 70 to 80,

rej/cbb
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Minutes of an RC-5 Meeting with ™. Cashman
on October 5, 1949

R. Clark Jones

October 13, 194G

A meeting to discuss the poesibility of obtaining uncooled
lead selenide detectors suitatle for uee in the RC-5 hemispheric
search detector was held in the office of Dr. Cashman at Northwestern
University in Evaneton, I1liinois, during the afternoon of Octover 5,
1949, (Note: There is a veriety of ways to reach I'r. Cashman's
office from downtown Chicago. C(ne may teke a C.& N. W. train to
Evanston and then transfer to the North Shore line and get off at
RNoyes Street station. Or one can take a Rapid Transit train to
Howard Street and then transfer to the North Shore at Howard Street.
Or one can take = North Shore car anywhere on the Loop and get off
at Noyes Street. From the Noyes Street station one walks three blocks
east to the Technology Building. Dr. Ceshman is in Room 127, ccn-
veniently reached tkrough the south ccurt door.)

After the writer described briefly the RC-5 project e rether
detailed discussion followed of the method of fabricating an uncooied
lead selenide cell suitable for our use. Dr, Ceshman stated that
up to the present time all evaporated lead photoconductive cells
are sensitive to exposure to the atmosphecre, perticularly if one
wants gensitivity for the longer weavelengthes. In this comnection
Dr. Cashman ststed that the cells manufectured by Continental Elestric
Company do employ an activation method thet yields a low sensitivity
in the longer wavelengths and thnt these cells ocan accordingly be
opened to the air., On the other hand, both Eastman and British
Thomson Houston have prepared cell)s by chemical means which are sensi-
tive to the longer wavelengths ard whioch cean be openmed to the atmos-
phere, The writer was surprised to learn that Eastman Kodak is mak-
ing photoconductive cells.

Because cof the difficulty with rersrd to exposure to air,
it does not seem feasible at the present time to, prepare the unit
of rather large area desired by ue by placing adjacent to one ancther
e nurber of units of smaller area which had been prepared separately.
Dr. Cashman did sugpest, however, thet developments during the
next few months micht make it possible to expose sensitive lead
selenide cells to air., Dr. Cashman, after some thought and discussion,
decided that it would probedly be feasible to prepare the cells in a
quarts capsule, using a procedure similer to one already in use by him.
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In resporise to tre writer's question, Dr. Cashmen explained
that graphite electroles were abcut the only type of electrodes which
can te used in the evaporated types because graphite dces not combine
with sulphir cr selenium, as do practically all metals at the high
temperatures required tc sensitize the cell, Dr. Cashman showed the
writer two reports by him dated Jenuery € and Jsnvary 22, 1949, pre-
pared on Navy Contract NObs-,5C68, and indicated that he had a copy
of eech which he could send to the writer upon suthorization. The
supmary cf these two repcrts containz a good deal of quantitative
informaticn about the signal and noise of the lead selenide cells
prepered by hir,

The following ie a verbatim copy of the specifications and
time schedule agreed upon with Dr. Cashman:

Lead Seleonide Cell Uncooled

Sensitive area, 5.0 mm to '5.5 mm by 16 mm to 18 mm,
Baxizum area of housing = 11 mm x 26 mm.
Maxizum depth: espproximately 1.5 in.

Fight units required, plus a reasonable nmumber of apares.
Time Schedule

Dr. Cashuan could start work on about November 1. By

the use of present techniques, except for the modifications
involved in the large area end the small clearance, he
wovld expect to heve a housing in two weeks, including

a layer of questionable sensitivity. He would expect to
be sble to supply to us 10 to 12 sensitive units by
Jamurry 1. This schedule is subject to approval by the
Bureau of Shipa. ’

Dr. Ceshman believed thet he could #upply in these units a
lead selenide surfsce as sensitive as the surface described in the
January 8 report cited sbove., He furthermore indicated that he
would suprly an uncooled lead sulfide cell whose sensitivity would
be as good as the lead selenide cell in the January 8 report at

© ¢, The uncooled lead sulfide cell, however, would be leas
sensltive for scurces of lower temperaturs and would be more sensi-
tive for sources of higher temperature.

CCNFIDERTIAL




;_

POLAROID CORPORATION RESEARCH DEPARTMENT

=3= CORFIDENTIAL

¥ith regard to the local variations of seneitivity, Dr.
Cashman stated that with our lerge scanning spot 2.5 mm in diemeter -
he expected that the sensitivity would be the same within 3 db over
the entire area of the detector.

rcj/cbd
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Vislt to Bell Telephone laborstories
on September 30, 1949

R. Clark Jones

October 4, 1940

After tie meeting on thermis:.or Jdetector elemenis (described
ir tre writer's report dated Getober 3) was over, the writer took
ndvantage of his presence (he hopes not improperly) at i'urray Hill to
digeuss triefly with some of his forusr essociatzs two «f the other
problems involved in the RC-5 progran.,

Compres:;ing Amplifiers

The writer trlked with J. C, Losier ard J. R. 1'legal about non-
lineer elements which might be suitevie for uce in compressing eircuits.
Both cf these prople erphas’!zed the usefulnesc cf copper oxide recti-
fiers for this purpose and emphsaized alto the particular advantage
of copper oxlde rectifiers contninirg a small quentity of thalium.
ir. Flegal provided the writer with taree sheafs of data on non-
linear elements, cn copper oxide units, on siliccn cartide units,
rnd on germanium units, which will be of the grestest ussfulness in
the design of the compressing amplifier for the 5C=5 prcject.

Mechanical Commutetora

The writer telked with M¥r. R, I, Dietzold and %. E. Ingerson
ctout nechsnical commmutators suitatle fo- use in conrection with d.c.
ceplifiers cperating with inpe* leve’ 3 ecualing .chnson noise. Nr.
Ingerson renticned two projectn whish imvoive such commitators. The
firet is a projeet in the Thippeny Litoratory of Fell Telephore 1abo-
ratcries under the dircction of ®. H. C. Higgins. The second is the
Typhocn project at RCA under tie dircsticn of Mr. Vence. Kr. lngerson
dercribed also o comercially ava’laile Ieede and Korthup relay which
is sul“stle for use vith very low le.2l circults.
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Prcposal of a Simple Method of Describing end Comparing
the Properties of Photoconductive Cells

R. Clsrk Jon=s
uovemb.r ”’ 1949

Introduction

This report contains the suggestion of a simple method of
desoribing the responsivity-to-noise retic of photoconduotive ocells,
in such s way thet the signsl-to-noise ratio obtainable in a given
appiication is easily caloulsdle and in such a way thet the number
of specific numerical essumptions (involved in the desoription in
the reference condition of measurement) is probedbly the irreducible
minimms a frequency ratio of e « 2,718, and a reference ares of
one square centimeter.

This prorosal was rtimulated by the awkwardly lsrge col’ec-
tior of mmbers ordirarily required in order to state fully the con-
ditions of mcasurement of a given photooonduotive cell., For example,
a osll was recently described to me as having "a signal-to-noise ratio
of sc much wvhen there were 45 volts acrcss the cell end 45 volts in
the load resistor; when the source was at s reture of 500° K,
was one oentimeter in diameter, snd was 40 centimeters from the
oell; the cell has a sensitive area cf 3 mm x 3 mmj the redistion

was chopped at 450 ops, end the signel-to-noise retio was measured
in a bandwidth of 9 ops." .

If now a number of different investigators use different
values of the perameters given above, it ia olear thst it will be
quite difficult for the various investigators to ocompere results.

Now, there are two possidls ways out of this difficulty.
One is for every investigater to use the same experimental pera-
nsters. The other is for 2ach investigator to reduce his results
in such a wey thst numbers are obtained which are direotly compsr-




able. 1 understand thet some progreze hee beer made =ith regard
to the former possibility. The proposel here, however, relstes
entirely to the latter possibility., 1 should like to propose s
method of reduction by which cne shculd obtein the same numerical
value from a given cell, evern though the cel)l is tested under
various experimentsl condjtione vith different velues of the
parsmeters mentionec in the quotetion sbove.

Naturslly enough, the starting point of this reduction
was the esimilar tesk of reduction carried out with respect to
thermocouples and bolometéers in two recent publications (J. Opt.
foc. Am. 39, 327-343, 344-356 (1949)). The reduction
in thess réports ccnsisted of three distinct parts. First the rensi-
tivity of the detector was reduced to the value it would hsve 1f
its area were one saucre millimeter. Secondly the signal-to-noise
ratio was reduced to the velue it would have if the noise equi-
valent bandwidth were equal to the bandwidth of the detector itself
as determined from its time constant. Thirdly a figure of merit
was defined on the basis thet the sensitivity resulting from the
first two steps chould te proportional to the time constant. By
this means & figure of merit wes obtained by which one could
directly intercompare different detectors. Furthérmore, the figure
of merit cerried the implicetion thst any of the detactors cor-
sidered could be reconstructed to have s given area and & given
time constent and that the figure of merit would then be the ssme.
Thus if two different detectors were each reconstructed to have
the seme finel ares and time constant, the detector with the
higher figure of merit would give eurerior performance after re-
construction.

There sre two reasons why the procedure described in the
references cited is not immedistely sprlicable to photoconductive
cells: (1) With photoconductive cells, the responsivity in volts
per watt depends, among other things, on the wavelength of the
radlation or on the temperature oi the scurce, whereas this is
not the case for thermocouples or bolometers. (2) Over the useful
renge, the noise power per unit dbandwidth (the noise power is de-
fined as the mean square noise voltege) ie inversely proportional
to the frequency, whereas with bolcmeters and photocells the noise

power per unit bandwidth 4s substentially independent of the fre-
quency.

The ccmplication represented by item 1 in the preceding
peragraph is an eseentisl complication and cannot be avoided.
Thet is to eay, whatcver figure of merit is finally defined, it
wust necessarily be a functicn of the wavelength or of the tem-
perature. The complication represented by item 2, however, ie not
sn essential one snd may be treated as in the following section.

@ -



POLAROIO CORPORATION RESEARCH DEPARTMENY

-3-
Noise of Photoconductive Cells

The essential festure of the noise in the output of the
~hotosonductive cells is thst the noise power depends on the ratio
of the freouencies st the upper and lower end of the passband,
rather than on the difference of these frequencies in the ordinary
case of flat noise. This fact may be shown as follows:

Let N be the noise power per unit bandwidth, that is to
say, the mean square noise voltage per unit bendwidth. Let M be
the totel noise power. Then, in generel, the relstion between
‘N and N is ss followe:

N = g N(f) 4af. (1)
o

Ir the special csee in which an amplifier intervenes between the
cell and the ncise meter which provides flat amplifiocstion of
the frequencies between f; and {5, and which rejects all other
frequencies, the above expression tecomes

f

n = S R(f) df. (2)

f
1

Now let f5 be the signal frequency, and iet N, be the noise power
per umnit dwidth at the frequency fg. Then in the case of
photooonductive cells one has

N(f) = £.N /1. (3)

Upon substituting Fo. (3) and kq. (?) and performing the inte-
gration, one finds

N =N log, r/rl. ' (4)

Equation (4) confirms the atatement made above that the total
nolse power depends only on the ratic of f2 to fy.

Kow let us coneider the case of flat noise defined by
the statepent that the nolse power per unit bandwidth N is in-
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dependent of frequency. Cne then finds from Eq. (2)

N e Ns(f2 - fl). (%)

At this point it has become evident that in the reduction
of the experimental results it will be desireble to reduce the
experimentelly determined sensjtivity to the case in which the noise
has some specific fractional bendwidth. In my earlier considera-
tion of thia subject 1 considered that the natural choice wculd
be the octave, thet is to say, a frequency ratio of 2, VNore re-
cently, however, I have come to realize that a frequency ratio
equal to e ® 2,718 (whore e is the base of Naperean logarithms)
is the better choice. 1f the frequency ratioc has this value,
Eq. (4) becomes aimply

f2
Cn = f. NB, f_ = 0. (6}
1

That is to say, the total noise power 4 has the value it would
have if the noise power per unit bandwidth st the signsl frequency
were extrapolated to a bandwidth equel to the signal frequency

by the use of the familiar flat epectrum relation (5).

The Proposal

Let Fy be the experimentally determined noise equivaient
flux per unit area as measured with a given signal freguency f,
and with an amplifier whose pessband extends from f; to fp. Let
A be the area of the detector in square certimeters, and let the
meesursment refer to a stated wavelengih for a stated source team-
perature. Furthermore, let Sy be the cu.Tesponding noise equivalent
power. The quantities £y and Fy are related simply by

= .‘. .
Sy Fu (7)

In order to simplify the writing of equations in the re¢mainder

of this repcrt it is sezumed that the radiation incident upon the
cell ia cherscterized by wavelength rather then by temperature,
but it should be held in mind that the symbol ,4 cen be replaced

by the temperature T of the source in any of the equations which
follow, .

Now let the noise equivelent power 8 (A ) in the reference
condition C be defined by the following ecuation:




%
BA) = 84(X) /(4 log, £,/1) (€)

or

[t é
N \1oge Pt

In the ver§ important special case in which the frequency ratio
f,/f; does not differ substantialiy from unity, one has

-
1'2 Af

1
D —_, £, -1 (( £, (10)
¢ ¢ 2 1 1
1 8

log, f2/f1 ->

provided that the signal frecuency f, lies between the frequencies
fl and fz. Fquations (8) and (9) now become

3

.
BLA) = 5y(A) (-3-)
N ADT (1)

AL
S(A) = FN(A) (-—3) . (12)
Af

The function (A}, defined by the above two equations,
or alternatively Eqe. (8) and (9), has the following advanteges:
The number ocbtained is independent of the signal frequency used in
the test, end it ies independent of the bandwidth of thre emplifier
used in making the test, It is furthermore independent of the area
of the detector, provided that one assumes that the intrinsic sensi-
tivity of the rurface is indepcndent of the total erea.

Thus if one plots £(A) as a function of X, one obtains
a single function which chaoracterizes the intrinsic sensitivity of
the detector. No further numerical information whatever need be
given. The juantity J( A) is ihe noise equivslent power that
would be actually measured if the area of the detector were one

e



e

square centimeter, and if the frequency ratio of the smplifier used
in the meesurement were equal to e = 2,718. Accordingly, the only
two numerical assumptions involved in the reference ccndition of
measurement C are the frequency ratio of e and the area of one square
centimeter. Thus if one wisher to be mcre cpecific, one can refer

to the "reference condition C (e, cm?)".

Cround Rules

The preceding section hes contsined the basic idea cf the
reference ccndition of messurement. The proposal, however, is not
sufficient to insure thet ell workers will cttain t!e same numbers.
In order to obtain this furthe: assurence it is necessary to
agree on a number of additional ground rules,

1. 1 strcngly recommend that the signal voltage, the
noiese, and the heat signal itself always be measured
in terms of their rms value, and that furthermore in
the case cf the signal voltsge and the heat signal, the
rms velue of the fundermental component be employed.
The reasors for thie choice seem to me fairly cogent,
Firet, the rms value of the noise volte=ge is the only
rezscnable way to measure noise. To be sure, the aver-
age value of the absolute deviation from the mean
yields a velue only 11 percent lower than the rms
value, but tlis value does nct enter simply into any
fundamental theoretical formulae. The peak noise values
which are sometimes stated are to be deplored, since
it is difficult to determine the rms value from the
peak value, even when the conditions ¢f measirement
of the peak value are thoroughly defined. Then, since the
ras value must be used for the noise, it is only
natursl to employ the same meesure for the heat signal
and for the signel voltage. It is perticularly im-
portant t» employ the same measure for the heat signal
and for the signal voltage, since only in this casze
does the sensitivity in vcltas per watt reduce at low
frequencies to the steady estaté response in volts
per watt., If the rus measure is employed throughcut,
the reference condition C may be written even more
explicitly as "reference condition C (e, cm“, rms)."

2. The instantanecus heat signal is to be measured as
the difference between the radiation of the source to
the cell and the radiation from the cell to the source.

This correction is perticularly important in the case
of low temperature s=ourcea,




-7

3, The cell ghould be measursd with a load resistrnce
equal to the dsrk resistance of the cell.

4. The current through the cell should have t he value
which maximises the signel-to-ncise ratio.

5. The units in which Sy and 4 ere messured should be
agreed to by common consent. Among the posrible
choices of ergs psr second, wmicrowatts, snd watts,
the watt femily has the obvious advantage that the
syabol sec need not be written. Furthermore, the
unit watt is easily reduced to smaller dimensions as
in /u.watt and /L/Lwntt.

Discussion

The statement thrt the noise equivalent power 3(A) in
the referenca condition C is independent of the signal frejuency,
and the noise ecuivslent bendwidth used in the measurement depends
on two assumptions:

(1) The assumption that the responsivity of the cell in
volts per watt ie independent of the signal frequency.

(2) The aasumption that the noise power per unit band-
width N is inversely proportional to the frequency.

The first oondition is evidently equivalent to the assump~
tion thst the signal frequency 1s small compared with the cutoff
frequency of the cell as determined by its time constant:

£, (¢ T (13)
where ¥ 1is the time constant of the cell., The second assumption
is equivalent to the assumption thnt the current noise of the cell
is large compared with the Johnson noise of the cell and is thus
equivalent to
£, (¢ BR,° £ (14)
s vV Ny 4y,

where Ry 1s the retio cf the current noise voltage of the cell to
the Johnson nolsa voltege at the frequency f7. These two condi~
tions will alwost always be satisfied in the normal condition of
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measurement of the cell, but it does not always follow that these
conditions will te e~tisfied for any contemplated application of
the cell, thrt 18 to say, if one uses Eqs. (11) or (12) backward

in order tc obtain the actuvel noise equivalent signal Sy. Under
some contemplated conditions of uee it is neceseary to confirm thet
the ccnditions (13) and (14) are simultanecusly satisfied.

These considerations naturally raise a question of just
how one treats the seneitivity of the cell for frequencies which
do not satisfy (13) and (14). At first it might seem as though
one could apply one criterion to the range of frequencies in which
the noise is primarily current noise and another criterion to the
renge in which the noiese is primarily Johnson noise. Unfortunately,
however, this is not the cese, since as soon as the frequency
risees to the point where current noise ig no longer the dominant
noise, then clearly an improved signal-to-noise ratio will be ob-
tained by incressing the call current, Accordingly, for frequencies

so high thet (14) is not satisfied, it ip necespary to redetermine
for each frequepcy the optimum cell currepnt. On the other hand,

it is fortunately true thet the optimum cell curreni{ will be in-
dependent of the wavelength or temperature cf the rediation. Ac~
cordingly, it should be possible to supplement the curve of 3 (A)
as a function of A (which curve holde for frequencies satisfying
(13) and (14)) by a supplementary curve which displays as a function
of frequency the factor by which 3{A) must be increassd. Thus
two separate curves should suffice for the complete description of
the sensitivity of a photoconductive cell as a function of signal
frequency and signal wavelength or temperature, On the other hand,
the atate of the art has certainly not advanced to the point where
the second type of curve is easily measurable.

There is a detail relsting to the noise question which
may be of some interest. CSuppose thet one wishes to use experi-
mentally a passband inp the amplifier corresponding to a frequency
ratio of 2.718, which passband is to have the additional requirs-
ment that the width of the passband is to be equal to the cignal
frequency. In this cese the upper and lower frequency limits of the
applifier are uniguely defined. The lower lirit of the passband
should be 0.581 f4, and the upper limit should be 1.581 f,. It is
eanily confirmed that these two frequency limite satisfy the condi-
tion that their difference is [, and their ratio is e,

Note Added December 7

The above material is surstantislly thsat contaiped in s
lotter to Profeseor R. J. Cashran dated Noverber S. Although‘no
written reply has yet been received from Dr, Ceshran, Dr. Ceshmean in=
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dicated ix & tele hone conversetion cn November 28 thet he had sowe
ouestion about the legitimacy of the assumption involved in Fq. (3)
ebove, namely the assumption trat the mean square nolse voltage per
unit bendwidth is inversely proportional to the freouency. Accordingly,
this must be considered as an open question sutject to furthcr in-
vestigation., The writer does have s rather strcng prejudice that

Eq. {3) ie correct. 1t is well known that the recently developed
transistcr has a noise spectrum : f the type represented by Eo. (3),
and Christensen and Peerson 1 find thet the noise spectrum of carbon
microphones ae well as carbon resistors elso hss a spectrum indiceted
by Ec. (3). The only experimental study 2 of photoconductive cells
which treats the noise cpectrum and which is availeble to the writer
indicates thet the noise spectrum between 50 and 500 cycles is in
accord with Fq. (3), but that the noise gpectrum falls off more
rapidly at higher frequencies. In t}ls case, however, Mr. L., G. Mundie
indicates in a letter dated December 2, "We agree rvith your obsaser-
vation thet the noise spectrum curve in Plete 6 dces seem tc fall off
abnormally famst above 1000 cps. This is probably due to excessive
capacity somewhere in the cethode follower circuit, No peins were
taken to remove this capacity, as no further measurements were made
at frequencies above 90 cps., Had we used frequency response curves
to determine the time constants, this capacity would, of course, have
been intolerable.”

rej/obb

1 C. J. Christenesn end G. L. Pearson, Resistence fluctuations in
carbon microphones and other granular resistances, B.S.T.J. 15,
197-223 (1936) (Xonograph B-922).

-

2 1.6. ¥undie, E. K. Pell, and L. W. Jcnes, An experimentesl study
of nineteen lead sulfide photoconductive celle, December 9, 1948
(NOLM 9929).
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An Application of the Propoted Reference Condition C
R. Clark Jones

December 6, 1949

In order to illustrete the usefulness of the prcnosnl con-
tained in the writer's report dated Novesmber 30, 1949, the proposal
#111 be applied to the apecific resulte contained in tre Naval Ord-
nance Leboratory report ROLM 9929.* This report c.ntaine detailed
neasurements of the noise and the reeponsivity cf 19 difflerent lead
sulfide cells, In the caee of 9 of these cells, reasurements were
made with the cell at rocm temperature snd at dry ice temperature.

In connection with this report, the writer wishea to acknowl-
edge a very graclous and very helpful Jetter received from 1. G. Mundie
dated December 2, 19,9, in which & rather large numbter of detailed

questions nre answercd with respect to the report cited. A number of
quotaticns from this letter are ueed telow.

The data actuslly used in thie report are conteined in
T-ble 1 and Plntes 7 througn 3, of thc NOL report. More specifically,
there is used the noise equivalent power per square centimeter at
the wavelength of peak sensitivity as given in Teble I and the cor-
responding values for other wsvelengths were obteined from the curves
in Plates 7 tirough 34. The nolse equivalent power per square centi-

neter for 200° C black bedy rediation sa given in Table I has slso been
used.

The velues of the noise equivalent flux stated in Table I
of the NOL report must be subjected to minor corrections in order to
obtain the rms power per unit area which is squivalent to the rus
noise, Let Py'! be the noise equivalent flux ststed in Table,I of

the NOL report. Them F,' should be wultiplied by*s 0.45 = L 7

- e e e e ee " e e e e ® e e e e e » e - - -

* L. G. Mundie, E. M, Pell, and L. W. Jones, "An experimental study
of nineteen lead sulfide photoconductive cells,”™ December 9, 1948,

#% nour 200° C heat signal consisted of a flux of 13.7 microwatts per
square centimeter interrupted in a square wave manner. Thia figure
represents the difference in flux density received by the cell from
the black body and the {room tempersture) chopper blade. The ras

value of the funcamental component would indeed be obtained by multi-
plying this peak-to-peak value by 0.45."

RESTRICTED
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and wost further bes multiplied by* 1.128, Accordingly, one has

The celle were measured at a frequenc qi 90 cps and with a
bandwidth** of 5 cps. The factor (A/loge legi) thercfore has the
value:

(A/loge fz/rl)* - 4.24;;% : (2)

Upon substituting Eqs. (1) ard (2) sbove in Eq. (9) of the
writer's November 30 report, one finds:

S - :2.15;;‘é Fg' - (3)

The values of -4 for the wavelength of peak sensitivity and for
200° C black body radistion were computed from the results in the NOL
Tsble I and are given in Table A of this report.

It may be noted in Teble A thet the noise equivalent power
in the reference condition C is stated to be given in watts. It may
be argued that the corrsct unit is not watt, but rather watt ‘cs.
The writer, however, prefers to think of the ares A which appears in
Eqs. (2) and (3) above not as the ares in square centimeters, but as
the ratio of the area of the actual detsctor to the area of a detector
whick hes an area of one square centimeter; from this point of view
the area A is thus dimensionleas.

- e e S e e ™ o e e ® e e e S e e

*# "For the signal voltage, we used the direct meter indiceation, and

for the noise voltage we averaged the indication of the meter., When

one {akes noise measurements over a bandpass as narrow as is obtained
withi this wave analyzer, however, it is seen that the fluctuations are
such a lrrge fraction of the resding itself that this averaging procese
is rather difficult and inaccurate. Ve found, for example, that one
cbserver might read the noisze as wuch as 20% higher then another observer
from the serme meter fluctuestions. This inaccuracy cculd, of course,

have been reduced by using a broader bendpasz, et the cost of reducing
our signal-to-nciss ratic., In any case you are right -- our readings
would Leve to be multiplied by 1.1284 to give the rms noise."”

*# "The wave enslyser used wes a General Radio Model 736A, not 548A, as
reported. A more careful etudy of the gain curve supplied with the in-
strument seems to indicate a bandwidth of 5.2 ¢ps; thus as you suggest,
£ cps is a better figure than 6 cps.”

RESTRICTED
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The noise squivelent power in the rcference condition C is
plotted as a functiom of wavelength in Figs, 1 and 2, In these figures
the detectors are identified by thc plate number given 4im column 3 of
T-ble A. The results for the cells vhich were cooled to dry ice tema=
perature have even numbers from 18 to 34; all of the other curves
correspond to mecsuremerte with the cell st room temperature, It
ehould bve noted in these figurecs that thc noise equivelent power
deorenscs as the ordinate idncreaces, This method of plotting has
heen vred Ar crdey fhat the corvar chovld haga tleir normal avpear-
ance. The noise equivrlent piwers in the reference condition C for the
200° C blsck body are ploti:d in Fig. 3.

At nny given waveleng'h the reciprccal nolse equivalent power
in the refercace condition C z:y be cuncidered as a figure of merit
for ths vgrinas Jetectors. Thet da tu cay, the higher a given deteotor
apvenrs (for A givein wavs.enptii) it Fipe. 1 ena 2, the greater is the
intyinsde mertl of that deteclcr eb the’. wavelerpth, The ordinates
in tha fipure=, lowever, Leve e ther jelative value, o8 illustrated
ja the next parpgraphso,

Ry fnveriing bg. /=" 'n the writer's Nevember 30 report, one
fiicde:

G0 e 502) (A log, r/:])* . @)

Thie rclatlor wili roam by use’ in the s.iution of the following semple
prollem. Comsider s lLypothet.cel cell »!th an urea of 0.1 ca? whose
roise equivalent power in the reference conditicn C is the seme as

the cooled ARL cell L-.34, ceioted by tve¢ mutber 2C in Fig., 1. 1f

this cell is chopped st 20 c.a snd the russband of the amrlilier

ez & nolse equivalent baicdwidth of 10 :pys, whet ros-sipnsl te rms-noise
reiic will be obtained with a steady irncident power of l/a,wntt on

the ceil at n wavelength cf 2.4 u

The ras pov-r ircident upon b (ell is therefore given by

ma power » 0,05 watt, (s)

frca. F'r. 1, one haso
211
30240 = 2.9 x 16 watt, 6)

THe conditions of the protlen further yleld:

-'. ] c u]
(7)

»
o
.
L]
“ N
.
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Upon substituting Fqe. (6) and (7) in Eq. (4), cne ottains

5,(2:4) = 2.05 x 10717 watt. (8)

The solution of the problem is now practically at hand.
One has the following general relationship:

rme signal ras power i
= . (9
rms nolse ros noise equivalent power

Since the numerator and denominator on the right are given respectively
by Eqs. (5) end (8), one obtaine in the ocutput of the detector an
rms~-gignel to rme-noise ratio given by

A

rms signal 5
= 2,2 x10 . (10)
rms nolse
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sluile A

C4 = Loise eguivalent
power in reference con- 3 = noise equivalent

dition C(e, cm<, rme)at pover reference condition
apufacturer Cell Tem- FPlate vavelength of peak sen- C(e, cl;3 rms) for 200° ¢

ind Cell No. perature No. sitivity in watts hlack body radiation, in watts

(over Dual

FV-1-1 259 C ” 6,67 x 10° >2.56 x 107
{over Dual
FV-1-10 259 C g 5.84 x 10710 4.56 x 1077
Cover Dual
EVN1=22 25° C 9 3,10 x 10710 5.67 x 10~7
Cover Dual o
EVN1-23 25° C 10 6.92 x 10710 8.58 x 1077
Cover Dual
EVE4-15 25° C 11 1.83 x 10710 6.92 x 10~7
RCA
PG-568-88 25° C 12 2.94 x 10710 4.3 x 210°7
RCA 5 %
£68-107 25° ¢ 13 3.57 x 1079 2,08 x 10
ARL R r
125 25° ¢ 1 2.15 x 1079 9.89 x 10
ARL 5 7
156 25° C 15 2.15 x 1079 7.30 x 10~
IRL
L:L 25° ¢ 1 9,45 x 10710 1,33 x 1076
ARL 25° C 19 3.93 x lo-lT 2.28 x 10°7
{B=d3 -80° C 26 £.60 x 10°11 135 % 1078
ARL 25° C 17 2.3 x 1030 1.55 x 107
| B-465 -80° ¢C 18 3,18 x 10712 1;; x 10-6
ARL 255 C 2 2.69 x 10°Y Al x 10
- -aqg c 22 3.27 x 10710
ELAC 25% ¢ 23 2.69 x 10-€ > 8,92 x 10-°
§TZIDH=-427  -80° C 24 1,72 x 10-10 5,31 =7
1 ELAC 25Y C 25 1.20 x 10™ > 3.2 x 10=7
| AD-55-567 -80° ¢ 26 9.89 x 10711 5.03 x.10-8
Forrand 250 C 27 4.00 x 10~ >9,03 x 10°°
| 80 -80° ¢ 28 3.5% x 10-10 +55 x 10-7
Parrand 259 C 25 3,22 x 10-8 >9.03 x 10-6
95 -8Q° ¢ 30 2.7 x 10-10 1,74 x 10-7
Te-Tand 25° C 3 7.09 x 10-¢ .03 x 10-6
10 -80° ¢ 32 1,55 x 10-9 2,97 x 10-6
e man 259 ¢ 33 7.78 x 10~10 8.7 x 10-7
e -80° ¢ U 1.03 x 10-10 4234 -x 10-8
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